Editor's key points † The duration of effectiveness of transversus abdominis plane (TAP) block in providing postoperative analgesia after abdominal surgery was studied in this meta-analysis. † The authors conclude that TAP block using the posterior approach reduced the rest and dynamic pain as well as the consumption of morphine for up to 48 h. † The effect was not seen when a TAP block was performed using the lateral approach. † The authors call for randomized controlled trials, which will compare the two approaches of performing a TAP block.
suggests that prolonged post-Caesarean delivery analgesia lasting into the 24-48 h postsurgical period can be achieved by performing the lateral TAP block technique. In contrast, several clinical trials 14 -16 and a recent qualitative systematic review 12 suggest that only the posterior TAP block technique provides prolonged analgesia. This meta-analysis examines the effect of each TAP block technique on analgesic outcomes in the first 48 h after laparotomy surgeries with a lower abdominal transverse incision.
Methods
The authors abided by the PRISMA guidelines 17 in the preparation of this review. We used a pre-determined protocol to review and evaluate the results of randomized controlled trials (RCTs) that measured the duration of analgesic effectiveness of the TAP block.
Eligibility criteria
We sought and retrieved full reports of RCTs that investigated the effects of TAP block (TAP group) compared with placebo or systemic analgesia (control group) on analgesic outcomes in patients undergoing abdominal surgery using a lower abdominal transverse incision.
Literature search
The US National Library of Medicine database, MEDLINE; the Excerpta Medica database, Embase; Cochrane Database of Systematic Reviews; and Cochrane Central Register of Controlled Trials databases were searched by two of the authors (F.W.A. and R.B.) independently. The search terms TAP/TAP block/ Transversus Abdominis/Transverse Abdominis/Transversus Abdominis Plane block/and Transverse Abdominis Plane block alone and coupled with the search keywords 'lateral' and 'posterior' were queried. The results of the search were combined by the Boolean operator AND with medical subject headings analgesia/pain relief/pain control/pain prevention/and pain management and with the medical subject headings abdomen/abdominal wall/abdominal muscles/abdominal surgery/and abdominal incision. We also hand searched the bibliographies of included articles for additional RCTs that met the inclusion criteria. The search was limited to RCTs on human subjects published between January 2005 and December 2012; no language restrictions were imposed. RCTs were excluded if analgesic outcomes were not assessed, if surgeries other than lower abdominal transverse incision were performed, if unilateral or continuous TAP blocks were performed, or if adjuvants that may prolong the duration of nerve block analgesia were used. Trials examining the subcostal TAP block technique were not included as it does not provide analgesia for lower abdominal transverse incisions. 18 The decision on inclusion of qualifying studies in the review was obtained by consensus between two of the authors (F.W.A. and R.B.).
Data collection and presentation
Two of the authors (F.W.A. and R.B.) independently assessed the quality of the reviewed RCTs using the Jadad score, 19 and a final score was designated by consensus. An RCT was considered to be of good quality if the methodological score was between 3 and 5. As an additional indicator of quality, only trials with a sample size .10 per group and that maintained a concealed assignment were considered. For the purpose of this review, we evaluated interval opioid analgesic consumption (converted to i.v. morphine equivalent) 20 and also pain severity at rest and with movement [visual analogue scale (VAS), a 100 mm scale where 0 represents no pain and 100 represents maximum pain] at 12, 24, 36, and 48 h postoperatively. We also assessed the incidence of opioid-related adverse effects (postoperative nausea and vomiting, pruritus, and excessive sedation) and patient satisfaction at 24 and 48 h. The 12 -24 h interval postoperative cumulative morphine consumption was designated as a primary outcome; and other outcomes were classified as secondary. The authors independently used a standardized data collection form to extract data; any discrepancies were resolved by reexamination of the source data.
Meta-analysis
Two of the authors (F.W.A. and R.B.) entered and cross-checked the data into the statistical programme. Meta-analytic techniques (Revman 5.1, Cochrane Library, Oxford, UK) were used to combine the data where possible. The random effect modelling was utilized in analysing both dichotomous and continuous data. Data from trials with more than two intervention groups receiving TAP block were combined into a single group as recommended by the Cochrane Handbook. 21 We calculated the odds ratio (OR) and 95% confidence interval (CI) for the dichotomous outcomes, and the standardized mean difference and 95% CI for the continuous outcomes. Differences were considered statistically significant if the 95% CI of OR excluded 1, or if the 95% CI excluded 0 for the standardized mean difference. We verified the extent of heterogeneity using the I 2 statistic. 22 As prolonged analgesia has been attributed to the posterior technique, 14 -16 we hypothesized-a priori-that combining the results of trials using the posterior and lateral techniques would generate significant heterogeneity among the pooled trials. We, therefore, performed subgroup analysis according to the TAP block technique. Additional confounding factors that were identified pre hoc as potential sources of heterogeneity included differences in the population studied (pregnant or non-pregnant), and the use of intrathecal morphine in some trials. When data relating to the primary outcome (i.e. 12-24 h interval postoperative cumulative morphine consumption) were heterogeneous, we explored whether alternative subgrouping based on these pre-determined factors influenced the level of heterogeneity and significance of the treatment effects.
Results
Our search retrieved 29 articles, 12 of which met the inclusion criteria. 14 15 23 -32 Figure 1 summarizes the retrieved, excluded, and reviewed RCTs. The median and range of the methodological quality score 19 of the 12 trials were 5 (3-5); and they included a total of 641 patients for analysis: 329 patients in
the TAP group and 312 in the control group. Posterior and lateral TAP block and 'post-incisional') that were combined into one for the purpose of this review. Two of the authors whom we contacted provided additional unpublished results pertaining to postoperative morphine consumption. 27 32 Interval morphine consumption 14 26 and two trials for the 36 -48 h 14 26 postoperatively. Because so few trials reported morphine consumption at 36 h postoperatively, the 24 -36 and 36-48 h intervals sought were combined into one interval (24-48 h) for the purpose of this review. Thus, data reflecting postoperative i.v. morphine consumption during the 24-48 h interval were available from a total of eight trials. 14 15 24 26 -28 32 Compared with the control group, performing the posterior TAP block technique was effective in reducing the interval morphine consumption by 23. Morphine consumption data for both the posterior and lateral TAP block subgroups during the 12-24 h interval (primary outcome) were characterized by high heterogeneity (I 2 ¼95 and 92%, respectively; P,0.00001). The heterogeneity remained when pregnancy and intrathecal morphine use were considered ( Fig. 3 ).
Rest pain
Rest pain was assessed at 12 h in 10 trials, 14 15 23 -25 27 28 30 -32 at 24 h in 13 trials, 14 15 23 -32 at 36 h in 3 trials, 14 15 32 and 48 h in 8 trials. 14 15 24 26 -28 32 Compared with control, performing the posterior TAP block technique reduced the rest pain VAS score by 17 mm at 12 h (95% CI: 221.2, 212.1; P,0.00001), by 13 mm at 24 h (95% CI: 221.7, 23.8; P¼0.005), by 18 mm (95% CI: 222.7, 212.9; P,0.00001) at 36 h, and by 15 mm (95% CI: 220.2, 28.9; P,0.00001) at 48 h postoperatively (Table 3 , Fig. 4 ).
When a TAP block was performed using the lateral technique, rest pain VAS scores were reduced by 5 mm at 12 h (95% CI: 27.5, 22.8; P,0.0001). There was no difference in rest pain scores at 24, 36, and 48 h postoperatively between the lateral technique and control groups (Table 3 , Fig. 4 ). Figs 5 and 6 ).
Performing the lateral TAP block technique did not produce a difference in dynamic pain compared with control at 12, 24, 36, and 48 h postoperatively (Table 3 , Figs 5 and 6 ).
Opioid-related adverse effects
Because of the diversity in the definitions of opioid-related adverse effects in the reviewed trials, the results of these outcomes are reported as 'standardized units'. The incidence of postoperative nausea and vomiting was similar between the TAP block and the control group for both the posterior and (Table 3) . None of the trials reported any block-related complications.
Other outcomes
It is noteworthy that the effect of TAP block on the incidence of postsurgical chronic pain was evaluated by three trials. 24 27 32 Two trials evaluated the rate of chronic pain after TAP block performed with the lateral technique, which was not different from the control group at 6 weeks, 24 and 3, 6, and 12 months. 32 However, the third trial, 27 which compared pre-incisional with post-incisional TAP block using the posterior technique or no block (control), reported that none of the patients who received a pre-incisional posterior TAP block required analgesics to treat chronic pain at 3 and 6 months, compared with 13.6 and 17.4% for the post-incisional TAP block and control groups, respectively.
Discussion
In the absence of a direct comparison between the two TAP block techniques, and based on the comparison with control, our results suggest that performing the posterior TAP block may be a better technique for prolonged analgesia after lower abdominal transverse incision surgeries. The posterior technique can reduce opioid consumption, rest and dynamic pain scores, and the incidence of sedation up to 48 h postoperatively.
Several possible explanations may account for these findings. First, a more posterior injection point may allow the TAP block to capture lateral cutaneous branches of thoracolumbar nerves before entering into the TAP where they undergo extensive branching and anastomoses. 33 -36 Secondly, the posterior-but not the lateral-technique results in a retrograde local anaesthetic spread that reaches the paravertebral space 37 and extends between the T4-L1 levels within 4 h of injection, 38 potentially producing some degree of block along the thoracolumbar sympathetic chain. Evidence suggestive of a role of the sympathetic nervous system in acute postoperative pain continues to emerge, 39 and sympathetic block may account for the prolonged analgesic effect associated with the posterior technique. Finally, while the formation of a local anaesthetic 'depot' in the neuro-fascial TAP plane 40 might explain the prolonged effects of the TAP block, this possibility has been challenged, 40 41 and in any case would also occur with the lateral technique.
The recent surge of interest in TAP blocks is likely attributable to the advent of ultrasound (US) guidance, as the benefits of US are believed to be related to enhanced accuracy of local anaesthetic deposition. 42 Interestingly, when the present data set was analysed post hoc to compare US-guidance to anatomical landmark techniques, we found that anatomically guided TAP blocks, irrespective of location (i.e. posterior or lateral), provided prolonged postoperative analgesia whereas US-guided TAP blocks did not. The latter reflects the fact that all trials that examined the TAP block performed using the posterior technique relied on anatomical localization; and all but one trial 26 where the TAP block was performed using the lateral technique used US guidance. It has been hypothesized that the 'double pop' endpoint 14 used in the anatomical technique is more effective in depositing local anaesthetics deep to the fascia between the internal oblique and the TAP where the thoracolumbar nerves lie 34 compared with the distension of the fascial planes endpoint 43 used in the US technique. 44 However, studies on the local anaesthetic spread cast doubt on this possible explanation, and instead attribute the difference in efficacy to material anatomical differences at the sites of injection resulting in a different spread pattern of injected local anaesthetics rather than the localization technique.
37 45 46 Our meta-analysis has several limitations. First, none of the trials performed a direct comparison between the posterior and lateral techniques; hence, the observed differences between the two techniques are based on their indirect comparison. A direct comparison of these approaches is needed to provide a definitive answer to this issue. Secondly, the reviewed trials were small and characterized by high heterogeneity. Considerable differences existed in the doses and types of local anaesthetics used in performing the TAP block, in the control groups, and in the patient population. Alternative subgrouping according to, for example, the use of intrathecal morphine or pregnant population subgroup did not reduce the heterogeneity of results. This heterogeneity may limit the clinical combinability of the results. It is also noteworthy that none of the reviewed trials performed a sensory assessment of their patients to confirm block onset or offset; thus, failure of the TAP block cannot be ruled out as an explanation for some of the observed lack of analgesic efficacy. Finally, except for two trials, 27 28 invasive placebo injections were used in the control arms of the reviewed trials. These invasive approaches towards blinding are becoming less acceptable. 47 In conclusion, while much remains to be learned regarding the TAP block, it does appear that more posterior block approaches may provide more prolonged analgesia to patients having surgery using a lower abdominal transverse incision. Further research is needed, directly comparing the lateral with posterior approaches of the TAP block, to clarify whether or not the posterior approach provides superior prolonged analgesia.
